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@ Antenna switching d vice. 



@ An antenna switching device of the present in- 
vention includes: a transmitting terminal for receiving 
a transmitting signal; a first antenna terminal con- 
nected to a first antenna; a second antenna terminal 



connected to a second antenna: a receiving terminal 
for outputting receiving signals received at the first 
antenna terminal and the second antenna terminal; a 
selecting unit for selecting one mode among a first 
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mode for outputting a signal corresponding to the 
transmitting signal to the first antenna terminal, a 
second mode for outputting the receiving signal re- 
ceived at the first antenna to the receiving terminal, 



and a third mode for outputting the receiving signal 
received at the second antenna to the receiving 
terminal. 
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(54) High-frequency switch 

(57) A high-frequency switch (10) is disclosed in 
which required resistors can be mounted without ham- 
pering the characteristics of the switch. The high-fre- 
quency switch (10) has a series circuit formed of a first 
diode (13a) and a first transmission line (14a). The first 
diode (13a) is connected to a transmitting circuit (Tx) 
through a capacitor. One end of the first transmission 
line (14a) is coupled to a receiving circuit (Rx) via a 
capacitor (12b). A second transmission line (14b) and a 
capacitor (12c) are connected between the node (A) 
arKi a ground potential, while a second diode (13b) and 
a capacitor (12d) are coupled between the node (B) and 
a ground potential. A series circuit formed of first and 
second resistors (15a. 15b) is connected between the 
nodes (C) and (D). A first control voltage terminal (Vcl) 
is coupl d to the node (C) via a resistor (16a). while a 
second control voltage terminal (Vc2) is connected to 
the node (D) via another resistor (16b). An antenna 
(ANT) and the node (E) are connected to the node (F). 
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Description 

BACKGROlJNn OF THE INVFNT|QM 
s 1. Raid Of t he Invention 

drJ^l^l^S^^lflT *° ^ high-frequency switch and. more particularly, to a high-frequency switch for 
changing signal paths in a high-frequency circuit of. for example, a digital mobile cellular telephone. 

10 2. Description of the Raiato^ 

AMT^2?rl« L^^If'T.^ T^"*" "^^ ^ '''Qtel mobile cellular telephone for connecting a second port (antenna 
AN-n eith^ to a first port PI (transmitting circuit Tx) or to a third port (receiving circuit Rx). as shown in Fig 9 

n^L^u !? ^ '^'^^1^'" °* ^''^P'® °* conventional high-frequency switches. In a high-frequency switch 
g^ierally designated by 1 . the f .rst port P 1 is connected to the transmitting circuit Tx; the second ,^rt P2 is coupled to 
Ilf.nhT^ H ^'f ^ ^ connected to the receiving circuit Rx. Connected to the transmitting circuit Tx 

tte f S2f ^ ^ . J"^ ^ «>""ected across a resistor 5a to the node between 

n^^fl ^T^'^^^L f /"^ ^- ^"^^ ^'^^^^'^ *a"9ing the swrtch t is con- 

nected to the first control voltage terminal 6a. The cathode of the firet diode 3a is coupled to the antenna ANT through 
a capacitor 2c. A resistor 5b is further connected in parallel to the first diode 3a e na «n i mrougn 

at th^^^;^ 1^ transmission line 4b is connected at one end to the antenna ANT through the capacitor 2c and 
^ rece««ng circurt Rx through a capacitor 2d. The anode of a second diode 3b is coupled to the 
T^^T ^ ! transmission line 4b and the capacitor 2d. The cathode of the second diode 3b is grounded 
m?n!i^K^ .If ^ connected in parallel to the second diode 3b. Moreover, a second control vottage ter- 

t?^ rirf Mi^ r„ Th ! res-storsd to the node between the second diode 3b and the capacitor 2e. A seco,5 con- 

trol circurt (not shown) for changing the high-frequency switch 1 is connected to the second control voltage terminaiS 
^ An^explanaton will now be given of the transmitting and receiving operation performed by the high-frequency 

onrt S!^«r!TtS'T" ^ ^'1? ^^'^ tothe first control voltage terminal 6a. while 0 V is applied to the sec- 

dS^l -S^;?,^ ^ TJ^T" ^ ^"^^ »° « "^'^ P°rtion including the first and second 

fS«?f?m * f ^J?'^ '^''^^ ^" ^'=^'^'^- ™« "«kes it^ossibie to transmit a 

^^l^^T^ *° ^"'^""^ '^^^^^ frO"^ ANT Further, an imped- 

Accordingly, the impedance viewed from the node between the cathode of the first diode 3a and the 
S^nS:;:^";? "^^^J^'"^ ^ ^^^^^ed to become very large. As a result, the signal LrJ fror^ 
the transmitting arcurtTx cannot be transmitted to the receiving circuit Rx 

tho ^T'^ll? ° ^ '® *° ^"^^ ^""^fl® *«^"""al 6a, while a positive voltage is applied to 

the second control voltage terminal 6b. so that the first and second diodes 3a and 3b are rendered ineff^ual AreceiV 
ing signal^ thus transmitted to the receiving drcuit Rx rather than to the transmitting circuit Txln tSsnSnne^ S^- 
mission and reception can be changed in this high-frequency switch 1 by controlling the voltages to be^S t^^e 
first and second control voltage terminals 6a and 6b a«>. «o appnea xo me 

in J!l^rJ"rj °* *® high-frequency switch 1 . it is required that the resistore 5b and 5c be connected 

ST^S o . /'? ^ ^T""* '^'f'^-^'y- thereby restricting the flexibility of designing the ^ 

J^J^^L ^ ^I* ' °' « multilayered substrate, if the first and second di^es 3a and 3t> 

"^"^^^^'^ '^^^^^ Sb and 5c are also required to be mounted or printed on the sub- 

strate. This increases the manufecturing cost. 

orinttSlv^ifL^rH "^^^^ P^^«y the switch 1 and the resistors 5b and 5c are mounted on a 

^Tr^Zr^X^T * ™« the characteristics of the high-frequency 

switch 1 , thereby failing to obtain desired characteristics. 

SUMMARY OF THF INVENTION 

d^-JSJ^SUJ^ ^"J^.^ °* *° P™^*^® ^ high-frequency switoh. free from the above- 

aSS^S^^e^S. '^^^^ °" ^ ^'"^^ hampering the char- 

ou a^^t^nf'^tt^^Vii^- to aspect of the present invention, there is provided a high-fre- 

qu ncyswitehhavmgfirstthroughthifdportssoastoconnectthesecondporteithertothefirstportortothethi^ 
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the high-frequency switch comprising: 

a series circuit formed of a first transmission line and a first diode which is connected between the first and third 
ports; 

5 

a second transmission line connected between a reference potential arxj the node of the first port and the first 
diode; 

a second diode connected k)etween a reference potential and the node of the third port and the first transmission 
10 line: 

a series circuit formed of first and second resistors connected between the node of the second transmission line 
and the reference potential coupled to the second transmission line and the node of the second diode and the ref- 
erence potential coupled to the second diode; 
15 ; 

a first control voltage terminal connected to one end of the first resistor; and 

a second control voltage terminal connected to one end of the second resistor, wherein the node t^tween the sec- 
ond port, the first diode and the first transmission line is connected to the node between the first and second rests- 
20 tors. 

According to another aspect of the present invention, there is provided a high-frequency switch having first through 
third ports so as to connect the second port either to the first port or to the third port, the high- frequency switch com- 
prising: 

25 

a series circuit formed of a first transmission line and a first diode which is connected between the first and third 
ports: 

a second transmission line connected between a reference potential and the node of the first port and the first 
30 diode; 

a second diode connected between a reference potential and the node of the third port and the first transmission 
line; 

35 a series circuit formed of first and second resistors connected between the node of the secorxi transmission line 
and the reference potential coipled to the second transmission line and the node of the second diode and the ref- 
erence potential coupled to the second diode; 

a third transmission line connected between the node of the first diode and the first transmission line and the node 
40 Of the first and second resistors; a first control voltage terminal connected to one end of the first resistor; and 

a second control voltage terminal connected to one end of the second resistor, wherein the second port is con- 
nected to the node between the first diode and the first transmission line, and the node between the first arxJ sec- 
ond resistors is connected to a reference potential. 

45 

In the atxjve-described high-frequency switches, at least one of the first and secorxj control voltage terminals may 
be coupled to one end of one of the first and second resistors via a resistor. Also, at least one of the first through third 
ports may be coupled to a reference potential via a capacitor. 

The aforedescribed high-frequency switches may further comprise a third resistor connected to one end of the first 
so resistor and the node between the second transmission line and a reference potential and a fourth resistor connected 
to one end of the second resistor and the node between the secorKi diode and a reference potential. 

Further, a series circuit formed of a transmission line and a capacitor may be connected in parallel to at least one 
of the first artd second diodes. Alternatively, a series circuit formed of a transmission line and a capacitor may be con- 
nected in parallel to at least one of the first and secorKi diodes, and another capacitor may be further connected in par- 
55 allel to the above-mentioned series circuit. 

With th above arrangements, a forward bias voltage is applied to the first and second diodes during transmission, 
thus causing the diodes to be activated. Accordingly, a signal from th transmitting circuit is transmitted to the antenna 
via the first diode arxj then radiates from the antenna. Also, an impedance inverting circuit can be formed by causing 
the first transmission line to be grounded via the second diode and the capacitor. Accordingly, the impedance viewed 
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10 



15 



20 



^t^!.^o T "9 "^^^ '«^9e. and thus, a transmitting signal from the transmitting circuit 

» '^T^ ^^"""9 '^^P**"" «^ ^'^ diodes are rendered ineffect^e. and 

thus, a receiving signal is transmitted to the receiving drcuit rather than to the transmitting circuit 

BRIEF DESnRIPTiri N Qp THF RRAWj l^g 

Rg. 1 is a circuit diagram of a first emtjodiment of a high-frequency switch accoiding to the present invention; 
Fig. 2 is a top view of the high-frequency switch shown in Fig. 1 ; 

Fig. 3 is an exploded perspective view of a multilayered substrate used lor the high-frequency switch shown in Fig. 

Fig. 4 is a circuit diagram of a second emtxxliment of a high-frequency switch accoiding to the present invention; 
Fig. 5 is a circuit diagram illustrating a second modification example of the high-frequency switch; 
^'^ ^ Z^^^ "^^^ Nlustrating a further example of a second modification example of the high-frequency 

Fig. 7 is a circuit diagram illustrating a third modification example of the high-frequency switch; 

Fig. 8 is a circuit diagram Ulustrating a fourth modification exanple of the high-frequency switch; 

as Fig. 9 is a schematic diagram iUustrafing the operation of a high-frequency switch; and 

Fig. 10 is a circuit diagram of a high-frequency switch of a known type. 

DESCRIPTmN OF T HE PREFFRRgp EMBOniMFNT.Q 

30 

d^Sa^'^ZTl °^ ^'T'* *^ described with reference to the drawings. In the following 

eSr™!^Lt fr"l^ the same as or corresponding to those of a first embodiment are designated by like refer 
ence numerals in the subsequent embodiments, and an explanation thereof will thus be omitted 
hiah Z.nl^'^T^^'^"'.?^^!!'^ embodiment of a high-frequency switch according to the present inventioa In a 
?2?sS.nSfr '"d'<^<«d by 10. a first port PI is connected to a transmitting circuit Tx; a second port 

m^'^ an antenna ANT; and a thi«l port P3 is connected to a receiving drcuit Rx. The anode of a first diode 
IS « transmitting circuit Tx through a capacitor 12a. A firat transmission line 14a Is conn^tS^at^e 

end to me cathode of the first diode 13a and at the other end to the receiving circuit Rx across a capacitorTa? 

caJS^2^!^^l^T^1 ""^ !^ ^ '° ^ «^ and flie 

Kipacitor 12a and at the other end to a reference potential, i.e., a ground potential, via a capacitor 12c Abo the anode 

tt cSS^ S^fh" ' * ''J^hTT*"^ *° ^ ^^""^ «^ transmission line 1 4a a^ the ^b. Se 

the cathode of the second diode 13b is connected to a ground potential via a capadtor12d ^o. wniie 

s^J^'iT'^' * ^'f "^^'"^ ^"^ ^^"^ '^'^'^ 15a and 15b is connected between the node C of ttie 

second fransm,ss«>n line 14b and the capadtor 12c and ttie node D of the second diode 13b and the capadtl iSj 

sicnl^ilS? !^ ""^^ *^ ^""^'^ *~"9h a resistor 16a to the node C between the sSnd transmis- 
tZ^J^rT "''^^ 1° « ♦"rther connected to 

13b and ttie capacitor 1 2d. A second control circuit for changing ttie switch^ t^^l 
lustrated) is connected to the second control voltage terminal Vc2 » ■» » tunii 

I2e n^ir?*^^r '^^1''^' ^^"^ '^^^^"^ connected to ttie antenna ANT via a capacitor 

1 2e. The nodes E and F are directly coupled to each other. 

With the above-described arrangement, ttie first and second fcansmission lines 14a and 14b are formed of strio- 

laSe"rSh°S a 1^)^^'""^' "^'V^' " ^" °' ""^ '^''^ « -'-^'^'^ shorter tha^TTwhlnte 

„ ^TiT ^ ! high-frequency signal transmitted to the switch 10 is represented by k. The second transmission line 
55 14b may be substituted witti a high-impedance line. ne secona transmission line 

the liIL'^S^iIi^^^I^^^^?,""f ^-t^ and 14b ar© what is refeaed to as The m lines". In practice, however. 
The operation of the high-frequency switdi 1 0 constructed as described above wiU now be explained while referring 
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to Table 1 illustrating the control operation. In JabUe 1 . "Vl and V2" designate control voltages to be applied to the first 
and second control voltage terminals Vc1 and Vc2 (+ indicates a positive control voltage, while 0 represents a ground 
voltage). "Tx-ANT* depicts the open/dose state between the transmitting circuit port Tx arKJ the antenna port ANT (o 
designates the connecting (close) state, while x indicates the open state). 'ANT-Rx** represents the open/close state 
5 between the antenna port ANT and the receiving circuit port Rx (o designates the connecting (dose) state, while x indi- 
cates the open state). 



Table 1 



Connecting state 


VI 


V2 


Tx-ANT 


ANT-Rx 


Rrst 


+ 


0 


o 


X 


Second 


0 


+ 


X 


o 



IS 

For transmission, a positive voltage is applied to the first control voKage terminal Vcl . while a ground potential, i.e.. 
0 V. is applied to the second control voltage terminal Vc2. At this time, the capacitors 12a through 12f interrupt the flow 
of a direct current, and thus, the voltage applied to the first control voltage terminal Vcl is applied only to the drcuit 

20 including the first and second diodes 13a and 13b. This causes the first and second diodes 13a and 13b to be activated. 
Simultaneously, a signal from the transmitting circuit Tx is transmitted to the antenna ANT and then radiates from the 
antenna ANT Also, an impedance inverting circuit is formed by causing the first transmission line 1 4a to be grounded 
via the second diode 1 3b and the capacitor 1 2d. Accordingly, the impedance viewed from the node E between the cath- 
ode of the first diode 13a and the first transmission line 14a to the receiving circuit Rx is caused to become very large. 

25 As a result, the transmitting signal from the transmitting drcuit Tx is not sent to the receiving circuit Rx. 

Conversely, for reception 0 V is applied to the first control voltage terminal Vcl . while a positive voltage is applied 
to the second contrd voltage terminal Vc2. so as to cause the first and second diodes 13a and 13b to be ineffective. A 
receiving signal is thus transmitted to the receiving circuit Rx rather than to the transmitting circuit Tx. It should be noted 
that the first and secorKi resistors 1 5a and 1 5b are provided for stabilizing the capacitances produced by reverse-bias- 

30 ing the first and second diodes 1 3a and 1 3b, respectively, during reception. 

In this manner, voltages to be applied to the first and second voltage terminals Vcl and Vc2 can be regulated. . 
thereby changing t>etween the transmitting and receiving operation performed by this switch 10. 

Fig. 2 is a top view of the high-frequency switch 10. In this switch 10, mounted on a circuit board 22 are a multilay- . 
ered substrate 21 into which a portion defined by a one<iot-chain line shown in Fig. 1 is integrated, the capadtors 12a 

35 through 1 2e, arxi the first and second resistors 1 5a and 1 5b. 

This muitilayered sut>strate 21 is formed, as shown in Fig. 3. by stacking a plurality of dielectric layers 23a through 
23d. Formed on the dielectric layer 23a, which is the uppermost layer, are four lands 24a through 24d. The first diode 
13a is mounted on the lands 24a and 24b. while the second diode 13b is mounted on the lands 24c and 24d. A first 
ground electrode 25a is disposed on the dielectric layer 23b, which is the second layer from the top. Further, the first 

40 transmission lines 1 4a and 1 4b are formed on the dielectric layer 23c, which is the third layer from the top, and a second 
ground electrode 25b is disposed on the dielectric layer 23d, which is the lowermost layer. 

With this arrangement, the anode of the first diode 1 3a is connected to one end of the second transmission line 1 4b 
through the larKl 24a formed on the dielectric layer 23a and via holes formed in the dielectric layers 23a and 23b. The 
cathode of the first diode 13a is coupled to one end of the first transmission line 14a through the land 24b formed on 

45 the dielectric layer 23a and via holes formed in the dielectric layers 23a and 23b. In contrast, the anode of the second 
diode 13b is connected to the other end of the first transmission line 14a through the land 24c formed on the dielectric 
layer 23a and via holes formed in the dielectric layers 23a and 23b. 

Disposed on the top surface and the lateral surfaces of the substrate 21 are. as illustrated in Fig. 2. eight external 
electrodes 26a through 26h. Moreover, lands 27a through 27e to be connected to the external electrodes 26a through 

so 26h are formed on the mounting board 22. 

Among the external electrodes 26a through 26h. the electrode 26a is coupled to one end of the second transmis- 
sion line 14b and is further connected to the transmitting drcuit Tx through the land 27a and the capacitor 12a. Also, 
the external electrode 26b is coupled to a ground GND as a ground terminal. The electrode 26c is connected to the 
other end of the first transmissfon line 14a and is further coupled to the receiving circuit Rx across the land 27c and the 

55 capadtor 12b. Moreover, the electrodes 26d and 26h are connected to the first and second grourxJ electrodes 25a and 
25b. respectively, and are coupled to GNDs as ground terminals. Further, the electrode 26e is connected to the cathode 
of the second diode 1 3b and is further coupled to a GND via the land 27c and the capadtor 1 2d. The electrode 26e is 
then used as the secorxj control voltage terminal Vc2 through the land 27d and the resistor 16b. The electrode 26f is 
connected to one end of the first transmission fine 14a and is further coupled to the antenna ANT through the land 27a 
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and the capacitor 12e. Further, the electrode 26g is connected to the other end of the second transmission line 14b and 
IS further coupled to a GND via the land 27e and the capacitor 12c. The electrode 26g is then used as the first control 
voltage terminal Vcl through the land 27f and the resistor 16a. The resistor 15a is connected between the lands 27d 
and 27e, while the resistor 15b is coupled between the lands 27c and 27d. 

According to the afbredescribed construction, the high-frequency switch 10 having the circuit shown in Fia 1 can 
be formed. ». ^ 

Fig. 4 is a circuit diagram of a second embodiment of a high-frequency switch according to the present invention 
A high-frequency switch generally designated by 20 is different from the high-frequency switch 10 of the first embodi- 
ment in the following points. The antenna ANT is connected through the capacitor 12e to the node E between the first 
diode 13a and the first transmission line 14a: the node F between the first and second resistors 15a and 15b is coupled 
to a ground potential via a capacitor I2f: and a third transmission line 14c is connected between the nodes E and R 

With this construction, the first through third transmission lines 14a through 14c are formed of stripllnes. microstrip 
lines, coplanar guide lines, or the like, all of the lines having a wavelength shorter than Ay4 when the wavelength of a 
high-frequency signal supplied to the high-frequency switch 20 is represented by X. The second and third transmission 
lines 14b and 14c may be substituted with high-impedance lines. The first through third transmission lines 14a through 
14c are what is referred to as "the 7J4 lines". In practice, however, the lines 14a through 14c are configured to have a 
wavelength shorter than as described above, due to the floating capacitance and the inductance of the lines. 

The operation of the high-frequency switch 20 constructed as described above is similar to that of the switch 10 
indicated by Table 1. 

According to the above description, in the high- frequency switches 1 0 and 20 of the first and second embodiments, 
It is possible to dispose resistors at positions away from the diodes, unlike a conventional type off high-frequency 
switches in which resistors are required to be connected in parallel to the diodes. This increases the flexibility of design- 
ing the circuit configuration. Also, resistors can be separated from the signal paths so as to increase the Q fector 
thereby lowenng insertion losses of the high-frequency switches. Further, resistors can be directly mounted on a circuit 
board without having to be mounted on or integrated into a muftilayered substrate, thereby decreasing the cost and size 
of the substrate. Additionally, the elements other than the resistors forming the switches can be completely or partly 
mounted on or integrated into the substrate, thereby enabling a deaease in the cost and size of the substrate. 

In this invention, a ground potential may be applied instead of a positive control voltage, and a negative control volt- 
age may be applied in place of a ground potential. In this case, in the above-described first connecting state shown in 
Table 1 . a ground potential, i.e.. 0 V, is applied to the first control voltage terminal Vcl . while a negative control voltage 
IS applied to the second control voltage terminal Vc2. The same applies to the implementation of the second connecting 
state. 

The directions off the first and second diodes 13a and 13b are not limited to those of the first and second embodi- 
ments Illustrated in Figs. 1 and 4. They may be reversely connected. More specifically the first diode 13a may be con- 
nected at its anode to the first transmission line 1 4a and at its cathode to the capacitor 12a. The second diode 13b may 
be coupled at its anode to the capacitor 12d and at its cathode to the first transmission line 14a. In this case since the 
polarities of the first and second diodes 13a and 13b are reversed, it is also required that a positive control voltage and 
a ground potential to be applied to the first and second control voltage terminals be reversed to Table 1 . 

Moreover, the resistors 16a and 16b are provided to adjust the control voltages to be applied to the switch via the 
nodes C and D from the first and second control voltage terminals Vcl and Vc2. respectively Thus, the resistors 16a 
and 16b may be omitted as required, in which case, the nodes C and D may be directly connected to the first and sec- 
ond control voltage terminals Vcl and Vc2, respectively Additionally, the capacitors 12a through 12f. which serve to 
eliminate bias voltages, may be omitted as required. 

An explanation will now be given of a first modification example of the high-frequency switches 10 and 20 As indi- 
cated by the broken lines of Figs. 1 and 4. capacitors 17a through 17d may be preferably connected between the first 
through the third ports PI through P3 and reference potentials, respectively In this case, the capacitances of the capac- 
itors 1 7a through 1 7d can be determined to correct the characteristic impedance, thereby effectively reducing insertion 
losses and reflection losses of the high-frequency switches 10 and 20. Additionally the first through third transmission 
lines 14a through 14c can be shortened, thereby enhancing the downsizing of the switches 10 and 20. All of the capac- 
itors 17a through 1 7d are not necessarily used, and only some of them may be connected to the corresponding portions 
of the switches 10 and 20 as required. 

A description will further be given of a second modification example of the high-frequency switches 1 0 and 20 while 
refemng to Fig. 5. More preferably, a series circuit formed off the first and third resistors 1 5a and 1 5c may be connected 
between the nodes C and F. while a series circuit formed of the second and fourth resistors 15b and 15d may be cou- 
pled between the nodes D and F Then, the first control voltage terminal Vcl may be connected via the resistor 16a to 
the node G between the first and third resistors 15a and 1 5c. while the second control voltage terminal Vc2 may be cou- 
pled through the resistor 16b to the node H between the second and fourth resistors 15b and 15d. With this configura- 
tion, the third and fourth resistors 1 5c and 1 5d specify the voltages to be applied to the first and second diodes 1 3a and 
13b. respectively, during transmission, so as to stabilize the capacitance generated by reverse-biasing. 
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To further develop the second modification example, another example is shown in Rg. 6. In this example, the first 
control voltage terminal Vc1 may be connected to the node G through the resistor 16a. while the second control voltage 
terminal Vc2 may be coupled to the node D across the resistor 16b. In this example, advantages similar to those 
achieved by the second modification example illustrated in Fig. 5 can also be obtained. It should be noted that the first 
5 control voltage terminal Vcl may be connected to the node C and the second control voltage terminal Vc2 may be cou- 
pled to the node H. In this case, advantages similar to those realized by the second modification example shown in Rg. 
5 can be obtained. 

An explanation will further be given of third and fourth modification examples of the high-frequency switches 1 0 and 
20 while referring to Figs. 7 and 8. In these examples, the below-described circuit devices may be connected either to 
10 the first diode 13a or to the second diode 1 3b. An explanation will be given of tiie examples in which the devices are 
provided for the first diode 13a by way of example while referring to Figs. 7 and 8. 

In the third modification example, as illustrated in Fig. 7. a series circuit formed of a transmission line 18 and a 
capacitor 19a may be coupled in parallel to the first diode 13a. With this arrangement, a parallel resonance circuit can 
be form d by a capacitance of the inactivated first diode 1 3a and an inductance of the transmission line 1 8. Accordingly, 
15 the inductance of the transmission line 1 8 can be determined to match the resonant frequency of the parallel resonance 
circuit to the frequency of a high-frequency signal to be transmitted to the switch 1 0 or 20. thereby enhancing the imped- 
ance of the first diode 13a in the inactivated state. As a consequence, the isolation characteristics of the first diode 13a 
in the inactivated state can be improved. The capacitor 1 9a is provided for preventing the bypassing of a direct current 
flowing via the transmission line 18. 
20 The transmission line 18 is formed of a stripline, a microstrip line, a coplanar guide line or the like, and the length 
and impedance of the line 18 are determined so that the resonant frequerK:y of the parallel resonance circuit can match 
the frequency of a high-frequency signal. The transmission line 18 may be substituted with a high-impedance line. 

To further develop the third modification example, the fourth example is provided. That is, if the capacitance of the 
first diode 13a is too small to obtain a desired resonant frequency, a capacitor 19b is coupled, as illustrated in Fig. 8, in 
25 parallel to a series circuit formed of the transmission line 1 8 and the capacitor 1 ga connected to the first diode 1 3a. With 
this configuration, a parallel resonance circuit can be formed by the synthetic capacitance of the inactivated first diode 
13a and the capacitor 19b and an inductance of the transmission line 18a. thereby obtaining a desired resonant fre- 
quency. 

It should be noted that the first through fourth modification examples may be combined with each other. 
30 As will be dearly understood from the foregoing description, the high-frequency switch of the present invention 
offers the following advantages. 

Resistors can be disposed at the positions away from the diodes, unlike the conventional type of high-frequency 
switches in which resistors are required to be connected in parallel to the diodes. Hence, the flexibility of designing the 
circuit configuration can be increased. Also, the resistors can be separated from the signal paths so as to increase the 
35 Q fector, thereby kawering the insertion losses of the switch. Further, resistors can be mounted on a circuit board witiiout 
needing to mount on or integrated into a multilayered substrate, thereby decreasing the cost and size of the substrate. 
Additionally, the elements other than the resistors constituting the switch can be completely or partiy nrounted on or 
integrated into a multilayered substrate, thereby enabling a decrease in the cost and size of tiie sut>strate. 

If an additional resistor is connected to each of the first and second control voltage terminals, the resistance of the 
40 resistor can be determined to readily adjust tiie control voltages and the control currents at the first and second control 
voltage terminals. 

Further, if a capacitor is connected between each of the first through third ports and a refererrce potential, the 
capacitance of the capacitor can be selected to correct the characteristic impedance. This can effectively reduce inser- 
tion tosses and reflection losses of the switch. Additionally, the first through third transmission lines can be shortened, 
45 thereby enhemcing the downsizing of the high-frequency switch. 

If third arKi fourth resistors are added to the first and second resistors, they can specify voltages to be applied to 
the first and second diodes during transmission, and thus stabilize tiie capacitance produced by reverse biasing. 

If a series circuit formed of a ta^ansmission line and a capacitor is connected in parallel to one of the first and second 
diodes, a parallel resonance circuit can be formed by a capacitance of the diode in the disenergized state and an induct- 
so ance of the transmission line. The inductance of the line can be determined to match the resonant frequency of the par- 
allel resonance circuit to the frequency of a high-frequency signal to be transmitted to the switch, thereby improving the 
impedance of the diode when rt is disenergized. As a consequence, isolation characteristics can be enhanced. Addi- 
tionally, the capacitor connected in series to the transmission line can avoid the bypassing of a direct cunrent flowing 
into a circuit portion including the transmission line. 
55 If an extra capacitor is connected in parallel t the above-described series circuit formed of the transmission line 
and the capacitor coupled to one of tfie first and second diodes, a parallel resonance circuit can be formed by the syn- 
thetic capacitance of the inactivated diode and the capacitor connected in parallel t the diode and the inductance of 
the transmission line. It is thus possible to achieve a desired resonant frequency and to also improve tiie isolation char- 
acteristics. 
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daims 
1 



!t!i?iS"TL^* °^ ^^"^ • P3) '^he^ei'i the second port (P2) can be con- 

nected erther to the port (PI) or to the third port {P3). said high-frequency sw^^^ 

fi.luSwS"pSS'(?i°'4r ""^ ^'^^^ andafirstdipde (I3a) which is connected between the 

s^^^rt^^'sSnTnT?^'; " '^^"'^ ""^ ^ ^^'-^ ^ (^3) and 

f.^**"'*^"*^""^ °* ""^ ^"^ ^^"^ '^^^'"^ (^5a, 15b) connected between a node (C) between said 

a first control voltage terminal (Vcl) connected to one end of said first resistor (I5a). and 
a second control voltage terminal (Vc2) connected to one end of said second resistor (ISb), 

«r?aS Si^^'pSrcn^ar*^"^"" ""^ ^'^^ and afirstdiode (I3a) which is connected between the 

^^?;)'a~Sdisi;:^L)r^ ^ '^^^ ^^^^ « ^-^^ 

i^St?^mSnreT4?;^ 

s^I^i^lT''* '^""^ ^^"^ connected between a node (C) between said 

athind transmission line {14c) connected between a node (E) between said first diode (13a) and said first trans- 
mission loie (14a) and a node (F) between said first and second resistors (15a. 15b): 

a first control voltage terminal (Vcl) connected to one end of said f iret resistor (15a); and 
a second control voltage terminal (Vc2) connected to one end of said second resistor (15b). 

^r^eol^T^i^TIn tZ^^ T^n^ "^^^ ^''^ <^3a) and said first transmis- 

poterltiaV ^ '^'^ <^5a. 15b) is connected to a reference 

ag?te;m!^TsT4f^r^^^ 

l§b) Via rililSJSiScSTl^ll^r ^ --ond -istors (15a. 

A high-frequency switch (10. 20) according to any of the claims 1 to 3. further conprising a third resistor connArtoH 
poterrtial. and a fourth res«tor connected to said one end of said second resistor (l 5b) and s^id 42e (D) 
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said second diode (13b) and a reference potential. 

5. A high-frequency switch (10; 20) according to any of the claims 1 through 4, wherein at least one of the first through 
third ports (PI . P2, P3) is coupled to a reference potential via a capacitor (1 7a. 1 7b, 17c). 

5 

6. A high-frequency switch (10; 20) according to any of the claims 1 to 5. wherein a series circuit of a transmission line 
(18) anda capacitor (19a) is connected in parallel with at least one of said first and second diodes (13a, 13b). 

7. A high-frequency switch (10) according to any of the daims 1 to 5, wherein a series circuit formed of a transmission 
10 line (18) and a capacitor (19a) is connected in parallel to at least one of said first and second diodes (13a. 13b). 

and another capacitor (l 9b) is further connected in parallel to said series circuit. 
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(54) High-frequency switch 

(57) A high-frequency switch (10) is disclosed in 
which required resistors can be mounted without ham- 
pering the characteristics of the switch. The high-fre- 
quency switch (10) lias a series circuit formed of a first 
diode (13a) and a first transmission line (14a). The first 
diode (13a) is connected to a transmitting circuit (Tx) 
through a capacitor. One end of the first transmission 
line (14a) is coupled to a receiving circuit (Rx) via a 
capacitor (12b). A second transmission line (14b) and a 
capacitor (12c) are connected between the node (A) 
and a ground potential, while a second diode (13b) and 
a capacitor (12d) are coupled between the node (B) and 
a ground potential. A series circuit formed of first and 
second resistors (15a, 15b) is connected between the 
nodes (0) and (D). A first control voltage terminal (Vcl) 
is coupled to the node (C) via a resistor (16a). while a 
second control voltage terminal (Vc2) is connected to 
the node (D) via another resistor (16b). An antenna 
(ANT) and the node (E) are connected to the node (F). 
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